Introduction
[2] The recent development of multiple collector inductively-coupled plasma mass spectrometry (MC-ICP-MS) for high-precision isotopic analyses of a large number of elements and the ability of the Ar-ICP source to ionize most elements in the periodic table, has made these instruments critical to the advancement of research in geochemical, environmental and medical fields [Halliday et al., 1998; Albarède et al., 2004] . The precision achieved on isotopic analyses of Nd, Hf and Pb is significantly better than 100 ppm due to the fact that most of the analyses can be run in static mode. Quality control protocols that monitor accuracy and precision demand well-characterized, homogenous reference materials. In addition, matrix effects can significantly affect the accuracy of the results, contrary to what was initially believed [e.g., Belshaw et al., 1998; Woodhead, 2002] . Therefore the reference material basis must also encompass the entire compositional range of studied samples. Similarly, recent technical improvements in thermo-ionization mass spectrometers (TIMS) have also led to the ability to produce more precise analyses on these instruments [e.g., Caro et al., 2003] .
[3] We have carried out a systematic study of some of the most commonly used USGS reference materials: BCR-1, BCR-2, BHVO-1, BHVO-2, AGV-1, AGV-2, STM-1, STM-2, RGM-1, G-2, G-3 and GSP-2. Due to the heterogeneous nature of some of the basaltic samples, both in terms of concentrations and isotopic compositions, leaching experiments were carried out on BHVO-1, BHVO-2, AGV-1, AGV-2, BCR-1 and BCR-2 to further extend the study of Weis et al. [2005a] .
[4] The availability of both a TIMS (Thermo Electron, Finnigan Triton) and a MC-ICP-MS (Nu Instruments Plasma) in the same laboratory allowed us to carry out a parallel study of Sr and Nd isotopic compositions on the TIMS, and Nd, Hf and Pb isotopic compositions on the MC-ICP-MS. To improve the comparison and reproducibility of the MC-ICP-MS analyses, we also measured Hf and Pb isotopic ratios on two different instruments in two different laboratories (Nu Plasma serial #015 in Brussels and Nu Plasma serial #021 in Vancouver) when possible.
[5] The results are presented and discussed for each separate isotopic system, except where it is relevant to combine two systems. This paper focuses on Sr, Nd and Pb isotopes. Hf isotopic results will be presented in a separate paper, because of interesting developments related to the 2. Analytical Techniques [6] This study aims to present accurate highprecision isotopic compositions for USGS reference materials. We therefore describe our analytical procedures in some detail to provide the reader with sufficient information to evaluate and apply our methods. Cleaning protocols for high-pressure PTFE bombs and other labware are discussed by Pretorius et al. [2006] . All of the acids used for sample digestion and chemical separation were sub-boiling distilled in Teflon 1 bottles, whereas the acids used for cleaning columns were quartzdistilled.
Sample Dissolution Protocol
[7] First, a series of tests was carried out to determine the appropriate digestion method for each reference material. This investigation demonstrated that it is critical to use high-pressure PTFE bomb dissolutions to achieve full recovery of trace elements from felsic rocks containing refractory accessory phases [Pretorius et al., 2006] . Full trace element recovery from mafic compositions and volcanic rock types, however, was achieved with a standard hotplate dissolution, in a Savillex 1 beaker.
Felsic Samples
[8] Approximately 100 to 150 mg of sample rock powder is loaded into a steel-jacketed acid-washed high-pressure PTFE bomb with 5.0 mL of 48% HF and 1.0 mL of $14 N HNO 3 , and then dissolved for 5 days at 190°C. Digested samples are dried down on a hotplate overnight at $130°C, reconstituted in 6.0 mL of 6 N HCl and re-bombed for 24 hours at 190°C. Afterward, samples are taken to dryness on a hotplate prior to re-dissolution for ion exchange purification of Pb, Hf, Sr and Nd.
Mafic Samples
[9] For mafic samples the rock powders (100 to 250 mg) are placed in 15 mL screw-top Savillex 1 beakers with 10.0 mL of 48% HF and 1.0 mL of $14 N HNO 3 , and then dissolved on a hotplate for 48 hours at 130°C. During this step samples are periodically placed in an ultrasonic bath to ensure complete digestion. After digestion, samples are dried down overnight on a hotplate at $130°C, reconstituted in 6.0 mL of 6 N sub-boiled HCl and re-dissolved for 24 hours at 130°C, before commencing ion exchange chemistry.
Ion Exchange Chemistry

Pb Column Chemistry
[10] Pb, Hf, Sr and Nd are all purified from the same sample solution. The first stage is the sepa- ration of Pb from other elements using an anion exchange column. The discard from this column is then dried down and reconstituted for cation exchange separation of Sr from the rare earth elements (REE) and Hf. The bulk REE fraction is then processed through exchange column to separate Nd from the remaining REE. The Hf fraction requires two further purification steps [Blichert-Toft et al., [11] A standard, low-blank, Pb chemistry is used in which the sample is loaded on a 200 mL column of Biorad AG1-X8 100-200 mesh resin. The column is washed with two cycles of 18 mega ohm water/ 0.5 N HBr/6 N HCl, and conditioned with 18 mega ohm water followed by 0.5 N HBr. The sample is taken up in 0.5 N HBr with complete dissolution ensured by heating (10 min) and ultrasonication (10 min). The solution is then centrifuged at 14500 RPM for 6 min and the supernatant is loaded onto the column. Sr, Hf, and the REE are washed from the column with 0.5 N HBr, after which Pb is eluted in 6 N HCl. The resin is discarded after each Pb chemical separation.
First (Sr+REE) Column Chemistry
[12] A standard cation exchange column of Biorad AG50W-X8 resin (100-200 mesh) is used to separate Sr from Hf and the REE. Columns are made of Pyrex or PFA depending on the type of sample and isotopes of interest; samples with Hf and/or Nd concentrations <10 ppm are processed through PFA columns and all others are processed on Pyrex columns [Weis et al., 2005b] . Before use the resin is equilibrated with 1.5 N HCl. The Sr-, Hf-and REE-bearing fraction from the Pb column is dried down and redissolved in 1.5 N HCl by heating at 110°C and ultrasonicating for 10 min. The solution is then centrifuged for 10 min at 3400 RPM and the supernatant carefully loaded onto the column so as to disturb the resin bed as little as possible. The column is then washed with 1.5 N HCl. Hf collection starts immediately after the sample is loaded and continues for the first few mL of 1.5 N HCl. Further washing with 2.5 N HCl removes sample matrix components, including Rb, prior to Sr elution in 2.5 N HCl. Further washing with 4.0 N HCl removes more sample matrix before the REE are eluted. The Sr and REE fractions are dried on a hotplate at $130°C. Columns are cleaned with $100 mL of 6 N HCl prior to re-equilibration with $100 mL of 1.5 N HCl.
Second Column (REE Separation) Chemistry
[13] Nd is separated from the other REE on a column using HDEHP (di-2ethylhexyl-orthophosphoric acid)-coated Teflon powder as the ion exchange medium [Richard et al., 1976] . Nd [Boyet et al., 2003] . The presence of other REE will also reduce the yield of Nd on ionization during TIMS analysis.
[14] The column is conditioned with 0.16 N HCl. The dried REE separate from the first cation exchange column is dissolved in 0.16 N HCl and loaded onto the column. The column is then carefully washed with 0.16 N HCl to remove Ba, La and most of the Ce. Nd together with a small fraction of the Ce and Pr is then eluted in 0.16 N HCl. Sm is eluted more than 10 mL after Nd, thereby avoiding any presence of Sm in the Nd cut. All of the heavier REE remain on the column and are subsequently removed with 6 N HCl prior to reuse of the column.
Mass Spectrometry Analytical Procedure
[15] Isotopic composition measurements were performed either on a Thermo Finnigan TIMS (Sr, Nd) or on a Nu Instruments Plasma (Nu 021) MC-ICP-MS (Nd, Pb) at the Pacific Centre for Isotopic and Geochemical Research (PCIGR) at the University of British Columbia. In addition, Pb isotopic compositions for some of the USGS reference materials were also measured on the Nu Instruments Plasma MC-ICP-MS (Nu 015) at the Department of Earth and Environmental Sciences of the Université Libre de Bruxelles for interlaboratory comparison.
[16] Due to drift in the Sr isotopic ratio of SRM 987 prior to October 2003, which was attributed to a problem with one of the Faraday cups on the TIMS, we have normalized the measured isotopic ratios of the USGS reference materials to SRM 987 Notes to Table 3 . a ''Dble'': same digestion but different columns. Italic: measured after change of one of the Faraday cups. The 2s error is the absolute error value of the individual sample analysis (internal error) and reported as times [Lugmair et al., 1983] and 0.511973 [Chauvel and BlichertToft, 2001 ], respectively.
[17] Sr and Nd isotopic compositions were measured in static mode with relay matrix rotation (the ''virtual amplifier'' of Finnigan) on a single Ta and double Re-Ta filament, respectively. The data were corrected for mass fractionation by normalizing to 86 Sr/ 88 Sr = 0.1194 and 146 Nd/ 144 Nd = 0.7219, using an exponential law. Replicate analyses of the La Jolla Nd reference material on the Triton TIMS gave 0.511850 ± 15 (n = 73, where n corresponds to the number of analyses) and then 0.511853 ± 12 (n = 118) after one of the Faraday cups was changed. We also analyzed the Rennes Nd reference material [Chauvel and Blichert-Toft, 2001 ] and obtained 143 Nd/ 144 Nd = 0.511970 ± 10 (n = 10). Replicate analyses of the Sr reference material SRM 987 yielded 87 Sr/ 86 Sr values of 0.710256 ± 16 (n = 145) and then 0.710252 ± 13 (n = 88) after one of the Faraday cups was changed. Usually, a single analysis consisted of minimum of 135 ratios (9 blocks of 15 cycles) to allow for a full rotation of the virtual amplifier. Note that with the new version of the Finnigan software (version 3.0 and higher), the number of blocks must match the number of collectors used, i.e., 5 for Sr and 8 for Nd. Four or five standards are loaded per 21 sample barrel.
[18] Nd isotopic compositions were also measured on the Nu Plasma, by static multicollection with Faraday cups on aliquots of the same sample solutions used for TIMS analyses and on separate dissolutions. Instrument parameters and collector configurations are summarized in Tables 1a, 1b , and 2. Each analysis consisted of 60 ratios (3 blocks of 20 cycles), resulting in a 12-13 minute duration of data collection for each individual analysis. Wash-out time and time for standard replicates after every second sample resulted in an average instrument time of 30 min per sample. All Nd isotopes (150, 148, 146, 145, 144, 143, 142) were measured, while simultaneously monitoring masses 147 (Sm) and 140 (Ce) ( [Rosman and Taylor, 1998 ]) corrected for instrumental mass discrimination using an exponential law as monitored by the 146 Nd/ 144 Nd ratio.
[19] During the period of data collection, the average value measured for the La Jolla reference material on the Nu Plasma was 0.511856 ± 15 (n = 59) for 143 Nd/ 144 Nd and the average for the Rennes Nd reference material was 0.511969 ± 13 (n = 45). This demonstrates the excellent agreement between the MC-ICP-MS and the TIMS instruments. To achieve comparable precision, the amount of material needed for Nd isotopic analyses on the MC-ICP-MS is about double (200-400 ng) for a wet plasma analysis than that for a TIMS or dry plasma analysis (100-150 ng).
[20] Pb isotopic compositions were analyzed by static multicollection. The collector array on the Nu Plasma is fixed and a zoom lens is employed to position the masses in the collectors. For Pb, the central collectors (H4-L2) are 1 amu apart and the outer collectors (H6, H5, L3, L4 and L5) are 2 amu Sr analyses by TIMS of BHVO-1, BHVO-2, AGV-1, AGV-2, BCR-1, BCR-2, STM-2, RGM-1, G-2, and GSP-2. Note the much larger variations for GSP-2 (see text for discussion). On this page, the lefthand panels report results for the first-generation USGS reference materials (BHVO-1, AGV-1, and BCR-1), and the right-hand panels report results for the second-generation materials (BHVO-2, AGV-2, and BCR-2). Red symbols indicate high-pressure digestion PTFE in a bomb. All blue symbols indicate hotplate Savillex 1 digestion. For comparison, on the far right side of each figure, open symbols represent the mean and 2 standard deviations of replicate analyses for both generations (dark blue for first generation, light blue for second generation). For individual analyses, the error bar corresponds to the 2 sigma error on the measured isotopic ratio. [Galer and Abouchami, 1998 ], but with slightly lower 208 Pb/ 204 Pb ratios ($60 ppm lower). This difference in 208 Pb/ 204 Pb is comparable, albeit smaller, to other MC-ICP-MS analyses of SRM 981 [Vance and van Calsteren, 1999] . In light of the reproducibility and accuracy of the Pb isotopic compositions determined on the two Nu Plasma instruments in this study, there was no need to adjust the 205 Tl/ 203 Tl ratio from day-to-day; a value of 2.3885 was used for all runs as it yields SRM 981 Pb isotopic compositions within error of the triple-spike values. Depending on the amount of Pb available in each sample, the samples were analyzed in either wet or dry (using a Nu Instruments DSN-100 desolvator) plasma mode, corresponding to a NIST SRM 981 reference material concentration of 200 ppb (wet) or 40 ppb (dry). Except where the amount of sample material was insufficient, all samples were run with a 208 Pb ion beam of >2 V. The reference material was run every two samples. Even though the NIST SRM 981 results were within error of the triple-spike values after online correction for instrumental mass bias by Tl addition, the USGS reference results were further corrected by the sample-standard bracketing method or the ln-ln correction method as described by White et al. [2000] and BlichertToft et al.
[2003].
[22] As $100 nanograms of Pb are needed for the analysis of Pb concentrations (load sizes vary between 72 and 140 ng) by isotope dilution using a 205 Pb spike ($5 ppb 205 Pb), 3.0 to 65.0 mg of sample rock powder was weighed. The Pb column separation is comparable to that outlined in section 2.2 above, except that it was carried out twice to ensure clean separations. Samples, as well as procedural blanks and SRM 981 Pb reference materials, were loaded on degassed, 99.995% 4-pass zone-refined H. Cross Re filaments using the SiGel (SiCl 4 ) -H 3 PO 4 technique and were analyzed with a VG54R single collector TIMS instrument in peak-switching mode at 1450°C. A mass fractionation correction of (Table 8) .
Leaching Experiment
[23] A preliminary study of BHVO-1 and BHVO-2 [Weis et al., 2005a] showed clear differences in Pb isotopic composition and trace metal concentrations between the two generations of USGS reference materials, confirming the earlier findings of Woodhead and Hergt [2000] . The differences could be ascribed to contamination of the rock powders during processing (crushing, pulverization). We repeated these careful experiments here, on BHVO-1, BHVO-2, AGV-1, AGV-2, BCR-1 and BCR-2. The leaching procedure of Frey [1991, 1996] was used, as this method, which was developed to remove secondary alteration phases from old oceanic basalts, has been shown to be more efficient in obtaining reproducible ratios than that of McDonough and Chauvel [1991] [Weis et al., 2005a] .
Results and Discussion
[24] Sr isotopic results are reported in Table 2 , Nd isotopic results in Table 3 (TIMS) and Table 4 (MC-ICP-MS), and Pb isotopic results in Tables 5  and 6 . The leaching experiment results are reported in Table 7 and the Pb isotope dilution concentrations in Table 8 .
Sr Isotopic Compositions
[25] The Sr isotopic compositions for all analyzed USGS reference materials were obtained with a precision better than 30 ppm (2 SD [n = 5 to 13]), a precision barely larger than the in-run errors (2 SE), which were generally better than ±0.000010 absolute on the measured value (average = 0.000007 ± 3 [n = 91]). This reflects the homogeneity of all these materials. The precision of Sr isotopic ratios of GSP-2, however, was close to 100 ppm, despite careful digestion in high-pressure PTFE digestion bombs (Table 2, Figure 1 ). This large range of variation for GSP-2 has previously been documented by Raczek et al. [2003] , who indicated heterogeneity of GSP-2 with respect to Sr isotopic ratios for aliquots in the 100 mg size range. The precision for Sr concentrations determined on an equivalent sample size (100 mg) and sample matrix (e.g., G-2) was much better (4% RSD) than that found for GSP-2 (8% RSD) using the HR-ICP-MS instrument in the Pretorius et al.
[2006] study. GSP-2 has also been found to be inhomogeneous with respect to Li contents, likely related to a nugget effect [Pretorius et al., 2006] . The nugget effect for Li and relatively poor reproducibility of Sr concentrations in GSP-2 compared to G-2 suggests that the Sr isotopic heterogeneity for GSP-2 found in this study may also be partly related to the inhomogeneous distribution of an accessory phase in GSP-2, in addition to incom- plete recovery of Sr. Thus GSP-2 is a somewhat poor choice for a reference material for Sr.
[26] The largest difference for Sr isotopic ratios is 11 ppm between AGV-1 and AGV-2, whereas it is 7 ppm between BCR-1 and BCR-2 and 6 ppm between BHVO-1 and BHVO-2 (Figure 1 ). Taking into account the difference in NIST SRM 987 standard values (e.g., 0.710203 ± 34 (n = 24) for Raczek et al. [2003] versus 0.710256 ± 16 (n = 145) and 0.710252 ± 13 (n = 88) after the change of one of the Faraday cups in this study), our results agree entirely with those of Raczek et al. [2003] . [28] The Nd isotopic compositions measured by MC-ICP-MS (Table 4, Figure 3 ) agree very well with the TIMS values for all USGS reference materials analyzed (relative differences up to 17 ppm). However, sample analysis time by MC-ICP-MS is about 4-6 times less than by TIMS [Luais et al., 1997] , bearing in mind that most of the time and effort lie in the chemistry in both cases. The in-run errors are slightly higher than for the TIMS analyses with an average of ±0.000011 ± 15 (n = 94), which has been reduced during the course of this study by using the desolvator (i.e., increase in sensitivity and decrease in sample size). Replicate analyses of the Nd ratio of 29 and 25 ppm, respectively, comparable to the TIMS results. The accuracy of both reference values is better than 10 ppm relative to the accepted value. This indicates that for the Nu Plasma MC-ICP-MS there is no need either to adjust the normalization ratio, as documented earlier for other instruments [Vance and Thirlwall, 2002] , or to carry out multidynamic analysis [Thirlwall and Anczkiewicz, 2004 ] to achieve accurate and precise Nd isotopic analyses. The 145 Nd/ 144 Nd average for all the USGS reference materials is 0.348421 ± 12 [n = 94], in agreement with the values recently published by Pearson and Nowell [2005] for data acquired using a Thermo Finnigan Neptune MC-ICP-MS and within error of the multidynamic MC-ICP-MS analysis [see Thirlwall and Anczkiewicz, 2004, Table 9] . Our results support the recent conclusion of Pearson and Nowell [2005] that deviations from exponential mass bias behavior during isotope measurements by MC-ICP-MS might be instrument specific. [Woodhead and Hergt, 2000; Baker et al., 2004] . The only exception is AGV-1 measured by TIMS by Woodhead and Hergt [2000] , which appears to be from a different batch (Table 5 , Figures 5a) . Comparison between the first and second generations of BHVO, BCR and AGV shows significant differences in Pb isotope ratios (Figures 5a and 5b) and concentrations (Table 8 [Woodhead and Hergt, 2000; Baker et al., 2004] and indicate that these reference materials are heterogeneous, at least for Pb. This is probably a result of contamination during processing, as documented by the analysis of mortar and pestle material and leaching of some of the reference materials (see Weis et al. [2005a] for discussion).
Nd Isotopic Compositions
[30] For felsic compositions (STM-1, STM-2, RGM-1, GSP-2, G-2 and G-3), the reproducibility of the Pb isotopic compositions (Table 5 , Figure 5c ) is strongly related to whether or not the rock powder was completely and properly digested. This is reflected by the difference in isotopic composition between the samples dissolved by hotplate digestion in Savillex 1 beakers versus those dissolved in high-pressure PTFE digestion bombs. In the case of GSP-2 and G-2, Pb isotopic compositions for hotplate-dissolved samples are less radiogenic than for samples digested in high-pressure bombs. The opposite is observed for STM-2. The average Pb isotopic compositions of hotplate and high-pressure bomb digestions nevertheless overlap within 2 standard [Galer and Abouchami, 1998; Eisele et al., 2003; Regelous et al., 2003] . deviations for both G-2 and STM-2, but not for GSP-2. The Pb concentrations for GSP-2 digested in bombs are also significantly higher (13%) than those obtained when digestions are performed on a hotplate [Pretorius et al., 2006] and there is clearly a nugget effect involved. Felsic compositions should always be dissolved under high-pressure conditions.
[31] There are also large differences between firstand second-generation reference materials, as STM-2 is distinctly more radiogenic in all Pb isotopic ratios than STM-1, whereas G-2 is more radiogenic than G-3 (Table 5 ). We interpret this to be likely due to the chemical composition of these rocks and the presence of accessory minerals whose proportion can vary from one sample to another. The significantly higher Pb concentrations in the first-generation reference materials (STM-1 (18 ppm), G-2 (44 ppm) and GSP-1 (55 ppm)) compared to the same second-generation reference materials (STM-2 (10.2 ppm), G-3 (29 ppm) and GSP-2 (42 ppm) [Pretorius et al., 2006] ) seem to indicate that contamination during sample processing also affected the felsic compositions.
Leaching Experiments
[32] To investigate the issue of contamination for the mafic volcanic USGS reference materials further, we undertook leaching experiments on BHVO-1, BHVO-2, AGV-1, AGV-2, BCR-1 and BCR-2. The results are reported in Table 7 . In each case, the leachates, the residues and the unleached powders were analyzed (Figures 6 and 7) . For BHVO-1 and BHVO-2, the residues have less radiogenic Pb isotopic compositions than the unleached rock powders, whereas the leachates are distinctly more radiogenic (Figure 6 ). The same observation is valid for AGV-1 and BCR-1 (except for 208 Pb/ 204 Pb), although the opposite is true for AGV-2 and BCR-2 (the residues are more radiogenic than the unleached rock powders). Corre- spondingly, the leachates of AGV-2 and BCR-2 have distinctly less radiogenic Pb isotopic compositions than the unleached powders. In Figure 8 , the trace element concentrations of the first-and second-generation reference materials for BHVO, AGV and BCR, as well as for BHVO-1/BHVO-2G
(the USGS reference glass), are compared (Pretorius et al., manuscript in preparation, 2006) . The only significant differences between the trace element compositions of the two generations of reference materials are for the elements Li, Mo, Cd, Sn, Sb, Cs, W and Pb. The magnitude, the Nd/ 144 Nd of the leaching experiments on BHVO-1, BHVO-2, AGV-1, AGV-2, BCR-1, and BCR-2 by TIMS. Blue symbols represent first-generation USGS reference materials (BHVO-1, AGV-1, and BCR-1), and the second-generation materials (BHVO-2, AGV-2 and BCR-2) are reported in red. The in-run 2 sigma errors are indicated. Individual analyses of residues after leaching are represented by the square symbols and by diamonds for the leachates. Whole rock unleached powder data (circles) is plotted as the mean of duplicates with their 2 standard deviations (see Tables 2 and 3) . relative enrichment of the first-generation versus the second-generation reference materials, and their individual patterns are not consistent among the BHVO, BCR and AGV series materials, supporting the notion of different sources of contamination. For example, BHVO-2 and BCR-2 are clearly contaminated in Mo, whereas AGV-1 is clearly contaminated in Sn, Sb and Pb. All reference materials show differences in Pb concentrations by a factor of 2 to 5, as also documented here by the isotope dilution concentration measurements (Table 8 ). This has important implications for laser-ablation studies that use fused (i.e., glass) versions of these reference materials prepared from the original powders. The homogeneity of the glasses relative to the size of the typical laser-ablation spot may thus be questionable and should be thoroughly assessed in future studies.
[33] The residues after leaching show much more homogeneous Pb isotopic compositions than the unleached whole rocks (Figure 6 ). Additionally, the differences in Pb isotopic compositions between the first and second generations are significantly reduced after leaching, indicating that this is indeed contamination rather than sample heterogeneity or a leaching issue as observed in some Hawaiian basalts [Abouchami et al., 2000] . The presence of outliers ( Figure 6 , AGV-1 and BCR-2) among the residues indicates that leaching is not always successful at entirely eliminating contamination from the powders. We have recently carried out systematic leaching experiments (up to 17 steps) on basalts from Hawaii and Kerguelen to assess the reproducibility of Pb analyses by MC-ICP-MS [Nobre Silva et al., 2005] and achieved external reproducibility lower than 200 ppm. This indicates that sample preparation plays a crucial role in obtaining highprecision Pb isotopic ratios and that MC-ICP-MS can achieve comparable levels of reproducibility as double-or triple-spike TIMS analyses [Eisele et al., 2003; Albarède et al., 2005; Baker et al., 2005] .
[34] There are also slight differences in 87 Sr/ 86 Sr between the residues and the unleached powders of BHVO, AGV and BCR (Table 7, Figure 7) . The unleached powders are slightly more radiogenic, although only by about twice the external error. The largest differences between residues and unleached powders for 87 Sr/ 86 Sr are for AGV-1 and BCR-1 (54 and 51 ppm, respectively). This most probably reflects the presence of minor alteration in these volcanic rocks. The leaching has no effect on 143 Nd/
144
Nd ratios.
Conclusions
[35] Our study of a broad compositional range of USGS reference materials provides the first complete Sr-Nd-Pb isotopic characterization of 13 of these samples. We highlight the importance of an integrated analytical approach, which allows for a better understanding of the potential issues that arise during sample processing and analysis, from crushing and pulverization, to trace element and isotopic analysis. There is no difference in Sr and Nd isotopic compositions between first-and second-generation USGS reference materials analyzed in this study. The isotopic ratios in Tables 2, 3 , and 4 can then be used as recommended 87 Sr/ 86 Sr and 143 Nd/ 144 Nd values. Nd isotopic compositions can be measured, with comparable accuracy and precision, either by TIMS or MC-ICP-MS. The situation is somewhat more delicate for Pb isotopic ratios where leaching appears to be necessary to remove any potential contamination introduced during the original preparation of the samples. This compromises the use of the materials as glass reference materials for laser-ablation studies involving Pb concentrations or compositions.
